Developing a model for analysis of uncertainties in prediction of floods  by Akbari, Gholam H. et al.
Journal of Advanced Research (2012) 3, 73–79Cairo University
Journal of Advanced ResearchORIGINAL ARTICLEDeveloping a model for analysis of uncertainties
in prediction of ﬂoodsGholam H. Akbari a,*, Alireza H. Nezhad b, Reza Barati aa Department of Civil Engineering, University of Sistan and Baluchestan, Zahedan, Iran
b Department of Mechanical Engineering, University of Sistan and Baluchestan, Zahedan, IranReceived 18 October 2010; revised 29 January 2011; accepted 6 April 2011
Available online 14 May 2011*
91
E-
20
El
Pe
doKEYWORDS
Flood waters;
Uncertain parameters;
Errors analysis;
Numerical predictionsCorresponding author. Te
55192754; fax: +98 5412447
mail address: gakbari@hamo
90-1232 ª 2011 Cairo Un
sevier B.V. All rights reserve
er review under responsibilit
i:10.1016/j.jare.2011.04.004
Production and hl.: +98
092.
on.usb.a
iversity.
d.
y of Cair
osting by EAbstract A realistic new sediment–laden water prediction computer model was developed. In this
model unsteady non-uniform ﬂow computations were incorporated. Using this model, ﬂooding
ﬂow–sediments were simulated and compared to earlier research including hydrologic engineering
centre (HEC-series) computer models. Uncertain value of parameters and errors in ﬂow–sediment
transport equation in existing coupled ﬂow–sediment models were studied. Sensitive nonlinear
ﬂow–sediment terms simpliﬁed in linear models and state of non-uniform sediment laden ﬂooding
ﬂows in loosed boundaries were considered. The new applied modeling of ﬂooding sediment–water
transport simulation was tested with data of three rivers and relative merits of the various tech-
niques involved in full phases of ﬂow–sediment in loosed boundaries for real river situations were
discussed. Uncertain values of sensitive parameters were investigated through sensitivity analysis of
ﬂow–sediment parameters in three hydrologic catchments. Results of numerical analysis were com-
pared to ﬁeld observations relying on the accuracy of the developed model. Uncertainties and errors
involved in; numerical scheme, hydraulic-sediment parameters, the out-reach output, ﬂooding sed-
iment–laden water characteristics, peak outﬂow, time increments, depth, speed of ﬂoods were found
rather sensitive to the solution of problems. Computed grid size intervals and the peak outﬂows
increased with space step and decreased with time step. Errors of in-reach parameters, the peak
inﬂow hydrograph and roughness coefﬁcient highlighted out-reach output.
ª 2011 Cairo University. Production and hosting by Elsevier B.V. All rights reserved.5418056463; mobile: +98
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lsevierIntroduction
Morphological computations, sediment erosion, deposition in
streams having non-uniform loosed boundaries require the
sediment–ﬂow discharge computation based on real ﬁeld data
conditions. Investigations have been focused on extending uni-
form rigid boundaries concepts to the non-uniform mobile bed
ﬂow–sediment transport problems. Available prediction equa-
tions are established based on experimental data having many
empirical and constant parameters with uncertain magnitudes,
often required to be ﬁxed, none of them can be used for real
74 G.H. Akbari et al.river data problems in conﬁdence [1]. This research focused on
the real ﬁeld data conditions, considered natural streams with
the ﬂow variations and cross-sectional geometry changes. The
graded bed materials and ﬂow–sediment equations used for
loosed boundaries were modiﬁed here for ﬂooding sediment
prediction. Natural rivers data were used for bed-evolution
in natural streams, and sediment continuity equation was em-
ployed for each grain involved in loosed graded bed materials.
Effects of non-uniformity, inﬂuences of water and sediment
interaction, simulation of bed level changes for each size frac-
tion, hydraulic sorting through updating the composition of
bed material with respect to time were considered. The results
of this study can provide an efﬁcient computer modeling tech-
nique in prediction and management of the water resources,
environment conservation and soil–water engineering practices
particularly in arid hydrologic regions where most of the inten-
sive ﬂooding ﬂow–sediment motion takes place [2–4].
Most of existing computer models, coupled models (cou-
pled ﬂow–sediment partial differential equations), uncoupled
models (water separated from sediment transport equations),
linear models (simpliﬁed non-linear hyperbolic terms in non-
linear partial ﬂow–sediment transport equations) and HEC-
series computer software have not considered the non-uni-
formity effects for computing sediment discharge by size
fractions. Methodologies used are complicated in handling
ﬂood data and predicting sediment so that recently a large
number of modiﬁed techniques have been established and
used in recently developed numerical models [2–4]. Based
on Einstein’s concept and a further modiﬁcation of Duboy’s
type formula, in an early research Meyer–Peter and Muller
developed an algorithm for transport of each size fraction
[5]. This bed load formula was more suitable for coarse
grains, for which the suspended load was generally sepa-
rated. Due to the simple nature of this formula it has not
lost much of its popularity and is widely used after many
decades in ﬂow–sediment computer modeling. The modiﬁed
Meyer–Peter and Muller method, derived under equilibrium
conditions, has shown good quantitative behavior for high
transport rates. The transport rate for each size class de-
pends on its representation in the parent bed material and
the applied shear stress. There is, however, not any reported
study to establish this formula for non-uniform material
with lower shear stresses.
Karim introduced a total load equation, separating sus-
pended and bed loads. The sediment discharge was computed
based on the mean size of the sediments and then distributed to
each size fraction by a distribution relation. Modiﬁcation to
his developed total load transport for graded sediments is pos-
sible, but the friction factor on sediment transport is decoupled
from the full system of sediment routing equations, the correc-
tion factor is recognized as a hiding factor. Karim’s formula is
relatively simple which has gained wide acceptance as reported
in Akbari [5].
The Ackers and White uniform sediment transport formula
can be modiﬁed for mixed grain sediments, but it takes a long-
er procedure to follow. For widely graded sediments the bed
material grading curve should be used, a number of size frac-
tions must be determined, for the estimated total bed load
transport, factoring the sediment transport of each size frac-
tion by the percentage that size fraction is of the total bed
material sample, summing up the factored sediment transportrates, the lengthy calculation procedures are required in this
formula which are not error free.
Many researchers reported that the Ackers and White is
one of the most widely used formulae as compared to this
and six other formulae and is shown that this formula was
the best for lowland rivers with bed slope of less than 1% [6,7].
Yang et al. [8] compared the performance of the modiﬁed
Ackers–White and Karim’s formulae applied to four rivers
[9]. He showed that, Karim’s formula which takes into account
of the sheltering effect is not a better predictor than the Ackers
and White (which does not need a hiding function). A simple
reason might be due to the derivation of the Ackers and White
formula which is based on a relatively realistic range of sedi-
ment size (0.04–8 mm) and bed slope (S< 1%). This formula
is also more conservative for suspended loads (ﬁne to medium
sands); whereas in most of the river cases, the major loads (90–
95%) are these kinds of sediments.
According to author’s recently based analysis and research,
a large number of modiﬁed formulae have been introduced
and used in many numerical computer models, covered de-
mands in a large extent, compatible with today’s advanced
technology. Most of the methodologies used have shown to
be lagging behind and are not fully compatible with ﬁeld data
circumstances. However, in this paper a model is developed for
analysis of uncertainties in the prediction of ﬂoods, using full
phase of ﬂow–sediment non-linear movements. These include
one phase and two phases of ﬂow–sediment motion to study
what are involved in loosed bed graded sediment materials in
real river situations. The ﬁeld data from three rivers are used.
The latest version of the complete solution to ﬂood sediment
routing problems is applied and some sediment routing exam-
ples studied. The relative merits of the various models are also
discussed.Methodology
Changing climate, ﬂooding became acute for most of the world
(e.g. Poland, 2010, Australia, 2011). This research study has a
program allowing predicting how rivers will ﬂow, which would
be of utmost importance for authorities governing the near riv-
er to prevent damages to civil engineering infrastructures, agri-
cultural lands, irrigational establishments, rural areas and even
suburban human life.
A system of governing equations for ﬂow–sediment trans-
port through rivers was derived by application of the basic
physical laws of conservation of momentum and conservation
of mass to the water and sediment ﬂow.
Flooding sediment–laden water equation:
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Dynamic equation for ﬂooding ﬂow of sediment–laden
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Frictional slope for loose boundary channels was expressed
in a general form of Manning as:
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where, the roughness parameter a was optimized. Parameters
used in the above equations are: Q is the discharge; A is the
area of cross-section; R is the hydraulic radius, Ad is the vol-
ume of sediment deposited/eroded per unit length of channel;
x is the distance along the channel; t is the time; ql is the lateral
ﬂow per unit length of channel; b is the momentum correction
factor; g is the acceleration due to gravity; T is the channel top
width and S is the bed slope. The above set of equation re-
quires two supplementary equations for their solution. Resis-
tance and sediment prediction equation relate frictional slope
Sf and sediment discharge to hydraulic and geometrical vari-
ables. Based on comparisons carried out by many researchers
throughout the literatures the sediment transport equation of
Ackers and White [1] reported as one of the most reliable for-
mula. Hence, as a part of this study, it was decided to use this
equation as one of the sediment transport formulae for devel-
opment of the numerical model. With reference to a number of
research works [4,7] it was felt relevant to look at a simple sed-
iment transport formula and optimize the parameters included
in a river ﬂow–sediment model by the use of ﬁeld data. So the
following form of the equation which is developed and used by
authors [5] for non-uniform sediments is presented here:
Qs ¼ a1
Q
A
 b
Qd
y
 2
ð4Þ
where, y is hydraulic depth, d is different sediment size diame-
ter available in a river bed, the non-dimensional sediment dis-
charge, Qs takes into account movement of different grains
available in a river bed and is equivalent to the Ackers–White
Qs which is also non-dimensional. a1 and b are optimized sed-
iment parameters which are equivalent to the Ackers–White [1]
major sediment parameters, calibration of these parameters
made with comparing two sediment discharge quantities equal.
Such simpliﬁed forms of the equations are acceptable when the
parameters are speciﬁcally ﬁtted to a particular real river data
situation by optimization methods [5]. Comparing the perfor-
mance of this equation with the Ackers–White applied to the
studied areas, this equation worked well.
Prior to optimization a sensitivity analysis was necessary to
specify the basic value of computed parameters by developed
computer model before implementing the exchange of param-
eters for a speciﬁed area under large or small dynamic routing.
Under exchange of one parameter a single variable was chan-
ged and other parameters were kept as the same basic values.
Changes were due to the range of parameters occurring in the
studied area. Basic values including probable values for the
cross-sectional ﬂows with a trapezoidal side slope of 1:1 was
considered in accordance with lands speciﬁcations. Roughness
coefﬁcient was estimated using Manning adopted Chow [4].
Flow rate calculation made by numerical integration of the
Simpson rule [8,10]
Z T
0
Qdt ¼ Dt
3
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where M is the number data; and T is the total routing time.
Following Eq. (6) was used to determine sensitivity of modeloutput results with any error introduced by inputting uncer-
tain values of parameters:
S ¼ O2 O1
O2 þO1
 
I2  I1
I2 þ I1
 
ð6Þ
where S is the sensitivity index; I2, I1, are the smallest and the
largest amounts of input parameters and O2, O1 are output
values corresponding to I2, I1, respectively. Negative sensitivity
index indicated smaller output value in exchange with larger
input parameters. Results are provided for exchange of differ-
ent input parameters. Values of sensitivity index are given in
percentage, the effect of model input parameters introduced
by errors signiﬁcantly has changed output results, such as ﬂow
rate volume, peak discharge, time to peak ﬂows, depth and
velocity. Effects of any change in length, roughness, bed slope,
and weighting factor parameters on the output hydrograph are
discussed.
Results and discussion
This study implies major issues: hydraulic of sediment–laden
water movement, changes in river’s characteristics, due to sed-
iment deposition and created obstacles by human and river ba-
sin improvement works. Bed gradation, degradation along the
river reach, a well-known problem, particularly was simulated
by the developed model.
The bed level changes simulated by two sediment discharge
predictors were compared in Fig. 1. Good agreement was ob-
served between the results from these formulae. A developed
simpliﬁed formula Eq. (1) with adjusted parameters worked
well in the new applied model. The developed algorithm pri-
marily was best ﬁtted, with errors free parameters, compared
to the Ackers–White, suited for optimization purposes. The re-
sult of predictions was shown to be satisfactory, accurate,
widely applicable, more convenient numerical solution, opti-
mized values of certain parameters involved in the process, less
complicated approach to sediment routing. Comparing perfor-
mances, in every model, there are many parameters involved,
the preparation of a technique, particularly for real rivers,
for which it is difﬁcult to obtain accurate values a priori, the
sensitivity analysis of major parameters affecting the solution
procedures, application of computer, optimization methods
for ﬁxing best errors free values, adopted by authors [4] are
preferred. This kind of approach is suitable for uncertainty
adjustment of ﬂood parameters in hydrologic catchments
[8,10].
Three major ﬂooding sediment–laden water problems
were planned and programmed with the hand written code
and tested with the measured ﬁeld data from three catch-
ments. Accuracy, stability and convenience in application
of the developed model were compared with ﬁeld observa-
tions that have agreed well. Characteristics of the rivers’
reaches and results of ﬂooding sediments and ﬂow predic-
tions are presented in Figs. 1–3. Sediment transport pre-
dicted in Fig. 1 developed by Eq. (1) incorporated
different sediment settling velocity approaches. Comparing
the predicted results by well-known standard Ackers–White
predictor has shown satisfactory agreements. The hydraulic
magnitudes of parameters were adopted from hydrographs
in Figs. 2 and 3. The values of peak outﬂow hydrograph
calculated numerically, observed by data measurements, are
Fig. 1 Comparison of sediment prediction by developed equation and standard Ackers–White using Ruby and Van Rijn settling
velocity.
Fig. 2 Simulation of ﬂood event in Karoon River, comparing four numerical algorithms with observed inﬂow hydrograph.
Fig. 3 Comparison of numerical algorithms with observed outﬂow hydrograph for simulation of ﬂood event in Sarbaz River.
76 G.H. Akbari et al.shown to be 27.8 and 27.6 m3/s, respectively, for the Sarbaz
River. The time to peak-discharge in both reaches was the
same as of the observation values. The ﬂow rate calculated
by the model has shown having errors in both Sarbaz and
Karoon Rivers. Based on sediment–laden water mass bal-
ance equations, the estimation indicated, the model accuracy
in satisfaction with the continuity equation. The data seriesanalyzed in this study, the model proved to work under dif-
ferent conditions, handling various input variables, matched
well with the values of observations.
Freezi River, the third part of the study, was undertaken for
sensitivity analysis of uncertain and incorrect values of major
parameters affecting the ﬂow–sediments within a reach. Freezi
River in Kashfrood basin was selected since having the
Fig. 4 Comparison of observed ﬂooding events distribution value with different numerical distributions.
Model for analysis of uncertainties 77maximum recorded instantaneous discharge at hydrometric
stations for over a period of 35 years collected data. In non-
developed countries having such a collected data is an excellent
choice. Several tests were made; turning points for random
data were employed to make sure that data were homoge-
neous. Different distributions such as Pearson-III (P-III);
Three-Parameter Lognormal (LN3); Normal; Two-Parameter
Lognormal (LN2); gamma; and Log-Pearson-III (LP-III) were
used for obtaining ﬂood variations with respect to different re-
turns periods [11,12]. Fig. 4 shows the processing data. Finally,
LN3 with Probability Weighted Moments (PWM) method has
shown to be the ideal choice due to the minimum standard er-
ror, coordinating observation values with computational val-
ues for the estimated instantaneous discharge. Maximum
discharge based on return periods of 10, 100 and 1000-yearFig. 5 Comparison of observed inﬂow–outﬂow hydrograph withwere calculated, and ﬂood hydrographs for peak values were
estimated using Soil Conservation Service (SCS) method.
Information required for this method were: the CN, curve
number equal to 85, time to concentration and lag estimated
as 4.82 and 2.71 h, respectively.
With respect to sensitivity analysis, the following results
have been signiﬁcant:
Results of computer modeling application showed that sen-
sitivity to any change in the ﬂood abrupt and inﬂow hydro-
graph had the most effects on the outﬂow hydrograph. The
roughness parameter was the second most sensitive which
has affected the problem via momentum equation.
The sensitivity analysis for prediction of ﬂood parameters
was made. Incorrect input computed parameters by the devel-
oped model affected ﬂood volume, peak discharge and basenumerical model prediction using different roughness values.
Fig. 6 Effects of bed slope changes on predicted out-ﬂow hydrograph compared to observed hydrograph.
78 G.H. Akbari et al.ﬂow. This is a justiﬁcation for the accuracy of the model and
satisfying continuity equation.
Effects of loosed boundaries changed the bed characteristic,
average width, bed slope, and side slope has shown little effects
on the model outputs. However, the effects of average width,
bed slope and side slope on ﬂooding sediment–laden waters
were considerable.
As shown in Figs. 2–6, effects of introducing computing
errors in computer modeling on the bed width, side slope,
base ﬂow, time to peak, had inﬂuence on the variation of
parameters such as reach length, roughness, time and spatial
weighting factor parameters. Errors due to velocity with re-
spect to peak-discharge affected bed slope, roughness and
peak inﬂow hydrograph signiﬁcantly, shown to be highly
sensitive.
Karoon River ﬂooding sediment provided a wider reach
length with greater space and time step. It was possible to have
observed ﬁeld values against the calculated ones. Changes in
the reach length and weighting factors with respect to time
and space in numerical computing grid networks affected the
time to peak. Introduced errors changed average width and
side slope and affected ﬂow depth proportional to peak-dis-
charge. Uncertain values for bed slope and roughness affected
velocity proportional to peak-discharge, changed peak inﬂow
hydrograph and affected peak outﬂow hydrograph. Incorrect
reach length affected roughness, bed slope and weightedparameters had the most effect on the output hydrograph.
Attenuation to peak-discharge was highlighted with increasing
roughness while it was reduced with increasing bed slope.
Increasing weighting factors and ﬂood abrupt was more scat-
tered and reduced the peak-discharge. Applications have indi-
cated the obvious advantage for the employed developed
model.
Sensitivity of dynamic water–sediment prediction model to
uncertain parameters with incorrect values was performed.
Series of tests exchanged, Dt values against Dx were evaluated.
A constant value of Dx with different values of Dt was also re-
peated for the peak outﬂow hydrograph variations. The effect
of time step changes on computational values, compared to
observed ones, was based on Task Committee ASCE, recom-
mended and used by Nash–Sutcliffe criterion for testing the
goodness of the highly ﬂooding ﬂow simulation by computer
model [5].
Changing Dx had slight effects on the peak discharge. This
was due to Dx and peak-discharge showed to have quadratic
curve relationship with high correlation coefﬁcient.
Changing Dt and Dx together had the greater impact on the
peak-discharge. Dt and the peak discharge is shown to have a
linear relationship with high correlation coefﬁcients.
Changes on Dx had no effect on time to peak, although the
change on Dt had variation on the time to peak. However, the
changes shown had not followed a special trend.
Model for analysis of uncertainties 79Conclusions
This study is a part of continued computer modeling research
work carried on earlier and developed here [2–5]. In the present
study a comprehensive computer scheme was employed to
solve the Saint-Venant equations for ﬂooding sediment laden
ﬂow, including sediment continuity equations. Flooding, a
powerful agent, analyzed by giant computer numerical model-
ing for sediment–laden water transport, erosion, sediment
deposition, rivers bed gradation, degradation in three miss-
led basins, and drought regions was investigated. To ensure
the accuracy, stability, and convenience with the precision of
the developed model, ﬁeld data from Sarbaz, Karoon, and
Freezi Rivers were used and tested satisfactorily. In accor-
dance to sensitivity analysis of parameters affecting the process
of ﬂood progression in a river reach, data of Freezi River were
used as a case study. The results indicated impacts of the peak
inﬂow hydrograph and roughness variations, on the solution
of the problem as well as on the other parameters such as
bed width, bed slope, and side slope, weighting factors, reach
length and base ﬂow on model output were considerable. Also
sensitivity of developed computer model to grid sizes was stud-
ied, the results showed that the peak outﬂow was increased
with space step, while it was decreased with time step.
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